Summary

It has been shown that the introduction of N-alkylacrylamide units into polymers of higher alkyl (meth)acrylates (with a different composition of the alkyl groups) raises their effectiveness as depressants for paraffin oils, as additives in the low-temperature solution deparaffination of oil fractions, and as viscosity-dispersing additives for petroleum oils.
Organosoluble copolymers based on higher alkyl acrylates and alkyl methacrylates are widely used in petroleum chemistry, fulfilling different functions. In the conveyance of crude oils they are used as depressants [1] [2] [3] and inhibitors of asphaltene-resin-paraffin deposits [4, 5] , in crude oil refining they are used as additives to increase the effectiveness of deparaffination of the oil fractions [6] , as depressant [7] , viscosity (thickening) [8] , viscosity-depressant [9] , and viscosity-dispersing [10] additives for commercial oils, and as depressant additives for diesel fuels [11] and fuel oils [12] . To ensure high effectiveness, the molecular weight characteristics of the polyalkyl (meth)acrylates and their composition -the ratio of acrylic and methacrylic units, the composition and content of alkyl fragments, and the presence and content of comonomer units of different nature -are varied. In particular, the introduction of nitrogen-containing comonomers (N,N-dialkylaminoethyl methacrylates, N-vinylpyrrolidone, amide and imide derivatives) is practised with the aim of imparting dispersing properties to thickening additives for oils [13] [14] [15] and increasing the effectiveness of action of additives in crude oils [16] .
Earlier, we revealed non-standard concentration effects during the copolymerisation of higher alkyl acrylates and alkyl methacrylates with higher N-alkylacrylamides of different structure in organic solvents, and proposed a method for controlling the compositional inhomogeneity of the copolymers obtained [17, 18] . The aim of this work was to assess the prospects of using copolymers of higher alkyl (meth)acrylates and N-alkylacrylamides as depressants for paraffin oils, as additives for the deparaffination of oil fractions, and as viscosity-dispersing additives for petroleum oils. The structure and designations of the monomers used in the work are presented in Table 1 .
EXPErImENTaL
DMA and alkyl acrylate fractions Acr C [16] [17] [18] [19] [20] and Acr C [18] [19] [20] [21] [22] [23] [24] [25] [26] were synthesised by esterification of methacrylic or acrylic acids with decyl alcohol or with fractions of higher fatty alcohols C 16 to C 20 and C 18 -C 26 (Sasol) by the procedure described by Kazantsev et al. [19] . The alcoholic composition of the alkyl acrylates obtained according to chromatographic data is as follows: C 16 65.7 wt%, C 18 24.6 wt%, C 20 9.7 wt% (Acr C [16] [17] [18] [19] [20] ); C 16 0.5 wt%, C 18 5 wt%, C 20 49.5 wt%, C 22 28 wt%, Plasticheskie Massy, No. 11-12, 2015, pp. 13-16 Additives for petroleum products, based on copolymers of higher alkyl (meth)acrylates and N-alkylacrylamides Translated by P. Curtis C 24 13 wt%, C 26 4 wt% (Acr C [18] [19] [20] [21] [22] [23] [24] [25] [26] ). Amides mNAA and mDAA were obtained by the Ritter reaction from acrylonitrile and a propylene trimer or propylene tetramer, respectively, by the procedure described by Kazantsev et al. [20] , and nOAA was obtained by the Schotten-Baumann reaction from acryloyl chloride and n-octylamine by the procedure described by Mondet and Lion [21] . Polymerisation of the monomers was conducted in toluene with an initial overall monomer concentration of 40-70 wt% at a temperature of 70-120°C for 4-6 h, with azobisisobutyronitrile (AIBN) (0.4-2.5 mol% of the monomer concentration) used as the initiator. The content of unreacted monomers in the reaction mixtures was found by gas chromatography. For the analysis, use was made of a Chromos GC-1000 instrument with a column of 1.5 m length and 3 mm diameter (5% SE-30 on Chromaton N-AW DMCS). The weight-average molecular weight (M w ) and the molecular weight distribution of polymers were assessed by gel permeation chromatography on a Chromos LC-301 instrument using the two exclusion columns Phenogel 10E4A and 10E6A (Phenomenex).
To assess the depressant properties of specimens of the additives, use was made of Sobolevsk field crude oil (P-1, pour point +5°C, paraffin content 8.6 wt%) and Malyi Chernigovsk field crude oil (P-2, pour point +10°C, paraffin content 7.4 wt%). Before measuring the pour point according to GOST 20287-91, specimens of the crude oils were mixed with the additive for 20 min at a temperature of 50°C. The effectiveness of the polymers as additives for the deparaffination of oils was assessed by the procedure described in Sivokhin et al. [22] with the use of medium-viscosity fraction of OOO Lukoil-Nizhegorodnefteorgsintez (MVFL), which has a pour point (T p ) of 31°C. The viscosity index (VI) of the oils was determined in accordance with GOST 25371-97, the T p values of the oils in accordance with GOST 20287-91, and the values of the melting point (T m ) of the paraffin oils in accordance with GOST 4255-75. For the testing of polymers, I-20A oil (GOST 20799-88, pour point −11.6°C) was used as a viscositydispersing additive. The viscosity index of the thickened oils was calculated at a polymer concentration in the oil of 1.0 wt%. To determine the dispersability of the additives, use was made of a modified drop sample method [23] .
rESuLTS aND DISCuSSION
To assess the prospects of copolymers of higher alkyl (meth)acrylates and N-alkylacrylamides for use during the piping and subsequent refining of crude oils, as the basis for comparison, we used corresponding homopolymers of alkyl (meth)acrylates with characteristics that, in accordance with literature and practical data, ensure high effectiveness. Therefore, when conducting tests on crude oils and in the process of deparaffination of oil fractions, use was made of polymers based on alkyl acrylates with a composition of alkyl groups of C 18 -C 26 and C 16 -C 20 respectively. In processes associated with the solidification of crude oils or crystallisation from paraffinic components, the molecular weight of the poly(meth) acrylic additives does not play any significant role [19, 24] , whereas the viscosity of the polymer solutions is of great practical importance. Therefore, in the comparison of these additives, the viscosity characteristics of their solutions were used.
As thickening additives for petroleum oils, use is mainly made of polyalkyl methacrylates with alkyl groups C 8 -C 10 , and here the most important parameter is the molecular weight of the polymers [8] . In this connection, the parameter given was taken into account when assessing the effectiveness of the synthesised polymers. Polydecyl methacrylate (PDMA) was chosen as the base for comparison, and tests of viscosity-dispersing properties were conducted for copolymers of decyl methacrylate with an mNAA monomer containing nine carbon atoms in the substituted amide group.
By varying the initial ratio of monomers and the concentration of initiator, polymer specimens were obtained with different molecular weight characteristics and contents of amide units ( Table 2 ). The monomer conversion after the completion of polymerisation exceeded 97%, and the M w values amounted to 131 000-262 000.
The specimens synthesised were tested as viscositydispersing additives in I-20A oil. A series of experiments to determine the thickening capacity of the polymers showed that, with increase in their molecular weight, the values of the VI increased linearly both among the polydecyl methacrylates and among the amidecontaining copolymers (Figure 1 ). Here, with equal Here, the appearance of nitrogen-containing units significantly improves one further important property of the thickening additives -their dispersing capacity (DC), i.e. their ability to support, in the volume of the oil, the solid microparticles accumulating in the course of its heating. With a similar molecular weight of the additives (M w = 160 000-183 000), the value of the DC for PDMA amounts to 0.52, and for the mNAA-DMA copolymer (5-50% amide units) to 0.57-0.61 ( Table 2) . Indices of such a level are customarily rated as 'good' and 'very good' respectively [23] . Thus, by comparison with PDMA, copolymers of DMA and NAA exhibit in I-20A oil improved dispersing and thickening properties.
As shown above, poly(meth)acrylate additives perform well in the deparaffination of oil fractions, considerably increasing the technical and economic indices of the process. To assess the effect of N-alkylacrylamide units on the effectiveness of such additives, homo-and copolymers based on alkyl acrylates C 16 -C 20 were synthesised. Their composition and molecular weight characteristics are presented in Table 3 .
The effect of introducing additives on the deparaffination of the oil fraction was assessed using the most important criteria for carrying out the process and for ensuring the prescribed quality of the products obtained:
• the rate of filtration of the suspension of paraffins in oil that is produced on cooling (assessed from the sampling time of the first 100 mL of filtrate);
• the yield of deparaffinised oil;
• the pour point of the deparaffinised oil;
• the viscosity index of the deparaffinised oil;
• the melting point of the slack wax (the higher paraffins separated from the oil);
• the residual content of oil in the slack wax (RO). Table 4 shows the results of deparaffination of the investigated oil fraction in the absence and in the presence of the two polymeric additives (0.1 wt% in terms of the oil). From these data it follows that, acting on the process of crystallisation of n-paraffins, both additives significantly increase the filtration rate (4-5-fold), increase the yield of deparaffinised oil (by 5-7%), and reduce the residual content of oil in the slack wax. It can also be noted that, in the presence of additives, there is an appreciable increase in the melting point and an improvement in the appearance of the slack wax (it has a more uniform degree of dispersion and becomes less coloured). Here, the introduction of amide-containing units into the polyalkyl acrylate additive additionally increased the yield of deparaffinised oil without adversely affecting its quality. Paraffinic crude oils became further materials to which to apply the amide-containing polymers synthesised in this work. Their piping during the cold time of the year presents considerable technical and economic problems associated with the high pour points and viscosity of the crude oils. The most convenient and economic method for lowering the pour point and viscosity of crude oils is to introduce rheological depressant additives; in particular, polyalkyl acrylates with C 16 and higher alkyl groups are highly effective. To investigate the effect of amide units on the effectiveness of polyalkyl acrylate depressants for paraffinic crude oils, copolymers of C 18 -C 26 alkyl acrylates with different contents of amide units of three types were synthesised. Two specimens were based on N-alkylacrylamides with branched alkyl groups C 9 (mNAA) and C 12 (mDDAA), and one specimen was produced using N-alkylacrylamide with a linear alkyl fragment C 8 (nOAA). The composition and characteristics of the additives obtained are presented in Table 5 .
The polyalkyl acrylate additive in appropriate doses lowers the pour point of crude oil P-1 by 12°C and that of crude oil P-2 by 19°C. Copolymers containing amide units demonstrate increased depressant activity, and here, for crude oil P-1, increase in the proportion of amide units in the copolymer leads to intensification of the depressant effect, and for crude oil P-2, conversely, to a weakening of the depressant effect. On the whole, copolymers containing amide units with branched alkyl radicals showed better action than copolymers with linear radicals in the substituted amide group. A better result was shown by an additive containing 5 mol% mNAA, and the depression of the pour point for crude oil P-2 amounted to 27°C.
Thus, the results of the laboratory tests given indicate that the introduction into polymers based on higher alkyl acrylates of N-alkylacrylamide units leads to an increase in their effectiveness as viscosity-dispersing additives for lubricants, as depressant additives for paraffinic oils, and also as crystal modifiers in the process of deparaffination of oil fractions. It should be noted in particular that the production technologies of the additives for all three cases are similar. Therefore, it is possible, on the same equipment, by varying the corresponding recipes, to produce copolymers of higher alkyl (meth)acrylates and N-alkylacrylamides for different types of application in petroleum chemistry. 
